
PROLONGED ASSISTED CIRCULATION DURING AND AFTER HEART 
OR AORTIC SURGERY 

I. Prolonged partial left ventricular bypass by means 
of an intrathoracic circulatory pump. 

11. Diastolic pulsation of the descending thoracic aorta. 
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At the last meeting of this SOCIETY we presented a technic for partial bypass of the 
left ventricle from the left atrium to the ascending aorta ,  utilizing an  intrathoracic circu- 
latory pump(l). Subsequently, we developed a left ventricular bypass from the left atrium 
t o  the descending aorta(2.3). The la ter  procedure is safer, easier  to perform and permits 
the use of an  ideal tube-type pump. The bypass is accomplished by an intrathoracic circu- 
latory pump operated by an external air source which could provide left ventricular support 
for  several  days o r  weeks. The clinical indication of this bypass should be in the treatment 
of left ventricular failure during or  after heart surgery.  
we show in this report  is ready for clinical use.  

tr icular bypass: the feasibility of long t e rm support of the left ventricle and avoidance of 
heparin while functioning. 

thoracic pumps were utilized but heparin w a s  r e q ~ i r e d ( ~ - ~ ) .  

this  work, ideal hemodynamics were taken into consideration. 
Blood progresses in  one direction only. 
Blood is expelled by a squeezing motion rather than a compression chamber. 
Systolic residue remains in  the central lumen. 

There is minimal contact of blood with foreign materials.  
Heparin is not required while functioning. 

At the present time the unit that 

Two fundamental points were taken into consideration in developing this left ven- 

In the pioneer work of Kusserow on left ventricular bypass, abdominal o r  extra-  

The Intrathoracic Pump* (Figure 1,2).  

1. 
2 .  
3. 
4. Circulatory s tas is  is avoided. 
5. 
6. 
The pump consists of a . 030" thickness radiopaque Silastic tube reinforced with 

Dacron 116'. 
Another .045" thickness Silastic tube reinforced with Dacron 116 encases the internal 

Silastic tube and acts as a housing with only one inlet. This inlet is connected to an external 
air source. Pressured air entering the housing collapses the Silastic tube, thus emptying 
i t  of i ts  contents. ,The valves (ball type) at either end cause the flow to  be unidirectional. 
This system can be used without danger of atrial collapse in a partial bypass. 

Silastic to facilitate the maneuver of insertion and has a funnel shape in order  to keep the 
left atrium in adequate position and encourage the blood inflow to the pump. 

In designing the tube-type #2 employed in 

The inlet tube plays an important role in  the pump's functioning. I t  is made of 

The Extrathoracic Air System (Figure 3). The extrathoracic air system, in  which 
the power is derived from a compressed air line o r  an oxygen tank, consists of a solenoid 
valve coupled to an expanded Teflon bellows. 
zero to 60 ml. per stroke. 
oscillator o r  can be triggered by the R wave of the patient's electrocardiogram, thus 
allowing the intrathoracic pump to operate at any preselected time of the patient's cardiac 
cycle. 
falls below a preselected level, the system automatically reverts f rom R wave triggering to 
the variable frequency trigger.  The apparatus is also provided with a safety mechanism 

From the Cora and Webb Mading Department of Surgery, Baylor University College of Medicine, Houston, Texas. 
Supported in part by grants from the Texas and Huntsville Heart Associations and the American Heart Association (62 F 92). This 
work was done during the tenure of a Research Fellowship of the American Heart Association (Dr. Liotta). 

Available for experimental purposes, by non-profit institutions under special order from Baylor University College of Medicine. 
+Silastic, siliconade rubber from Dow Corning, Midland, Michigan. 

The air volume output can be varied from 
The control circuit can be triggered by a variable frequency 

In the absence of the patient's R wave, due to fibrillation, o r  i f  the cardiac rate  
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which cons i s t s  of a rol l ing d iaphragm pump'" ope ra t ed  by a n  e l ec t r i ca l  m o t o r .  
s y s t e m  cannot be t r i gge red  with the pa t ien t ' s  e l ec t roca rd iog ram.  

The l a t t e r  

RESULTS 

During pumping the le f t  vent r ic le  d e c r e a s e s  i n  volume and the h e a r t  r a t e  f requent ly  

The reduct ion of the le f t  vent r icu lar  work  i n  Kg. -M. (computed by the fo rmula :  
i s  diminished.  

t he  product  of l e f t  vent r icu lar  output ( a o r t i c  flow) i n  L .  /min .  divided by 100 and the plane-  
me t r i ca l ly - in t eg ra t ed  mean  sys to l i c  p r e s s u r e  i n  ml. of wa te r )  was proport ional  t o  the 
reduct ion of the le f t  vent r icu lar  output. 

Left  i n t r aven t r i cu la r  p r e s s u r e .  
ven t r i cu la r  p r e s s u r e  pulse appea red  reduced  (F igu re  4 ) .  

A reduct ion of the peak of sys to l i c  ven t r i cu la r  p r e s s u r e  o c c u r r e d  (an  index to  a s s e s s  
the max ima l  tension developed by the lef t  ven t r i c l e ) (7 ) .  There  was a reduct ion of t he  
sys to l ic  durat ion (an index of the  dura t ion  of the tension s t a t e  de t e rmined  by measu r ing  
the t i m e  in te rva l  between the onse t  of the i s o m e t r i c  contract ion and the c losu re  of the 
a o r t i c  va lve ) .  T h e r e f o r e ,  t h e r e  was  a reduct ion  of the a r e a  beneath the sys to l ic  component 
of  the le f t  vent r icu lar  p r e s s u r e  pu l se .  Th i s  a r e a  is  r e l a t ed  to  the tens ion- t ime index 
m e a s u r e m e n t  for  each  cont rac t ion  which is a n  index of the total  t ens ion  developed by t h e  
lef t  vent r ic le  and r e l a t ed  as the hemodynamic  de te rminant  of the myocard ia l  oxygen con-  
sumpt ion(8) .  (An index that 
r e f l ec t s  a dec reas ing  i n  the myocard ia l  ~ o n t r a c t i l i t y ) ( ~ - l  l ) .  The re fo re ,  a reduct ion i n  
the ex te rna l  s t roke  work ,  i n  the ex terna l  s t roke  power ( s t roke  work  pe r  sys to l ic  second)  
and in  the  r a t e  of development of tension h a s  taken  p lace12) .  

However ,  t h i s  work  was pe r fo rmed  i n  n o r m a l  h e a r t s .  Pumping during d ias to le ,  a n  
impor tan t  peak of p r e s s u r e  ( m e a s u r e d  i n  4 0 - 6 0  mm. Hg) was obse rved  (F igure  5) .  
the co rona ry  flow was m e a s u r e d  a s ignif icant  i n c r e a s e  was seen (2  1 3 ) .  
diastole  provided max ima l  co rona ry  flow. 

Diastol ic  Compress ion  of Descending Thorac ic  Aor t a .  
a round 5-8  c m .  of the a o r t a  and connected to  a n  ex te rna l  air sou rce  t r i gge red  by the R wave 
of the e l ec t roca rd iog ram provided d ias to l ic  ao r t i c  pulsation (F igu re  6 ) .  
pump employed for  the lef t  vent r icu lar  bypass  ( F i g u r e  3) was ut i l ized.  
Kantrowitz(  13) a mobil ized le f t  hemidiaphragm was wrapped around the descending tho rac i c  
a o r t a  and the le f t  phrenic  ne rve  s t imula ted  during d ias to le .  
p re s s ion  a peak of p r e s s u r e  during e a r l y  diastole  and a reduct ion i n  the end-d ias to l ic  p r e s -  
s u r e  was  obtained (F igu re  7 ) .  
a o r t i c  pumping balloon technic  r epor t ed  by Kolff(14). 
of blood is mobil ized preferen t ia l ly  i n  the cephalad d i rec t ion .  
r e sponse  depends on the a o r t i c  d i a m e t e r .  
a l m o s t  inadequate  due to  its small d i a m e t e r .  
significantly i n c r e a s e d  ( F i g u r e  8 ) ,  and the le f t  i n t r aven t r i cu la r  p r e s s u r e  did not change .  

total  a o r t i c  compress ion  allowing a proximal  i n c r e a s e  of the a r t e r i a l  p r e s s u r e .  It should 
i n c r e a s e  co rona ry  and c e r e b r a l  c i rcu la t ion  and should be indicated i f  pronounced hypotension 
i s  p re sen t .  The implantat ion of the s leeve  is  a v e r y  s imple  technica l  problem.  It only 
r e q u i r e s  s ac r i f i ce  of 2 - 3  p a i r s  of i n t e rcos t a l  a r t e r i e s .  
s leeve  can  be opened eas i ly  f r o m  outside the ches t  and thus ,  the  s leeve can be r emoved  
without reopening the ches t .  
l imi ta t ion .  
with a Dacron  116 in te rna l  shee t .  Another  . 045" th ickness  S i las t ic  re inforced  with Dacron  
116 e n c a s e s  the in te rna l  shee t  and a c t s  as a housing with only one in l e t .  P r e s s u r e d  air 
en ter ing  the housing co l l apses  the in t e rna l  shee t  and squeezes  the a o r t a  during d ias to le .  
Appropr ia te  th ickness  dis t r ibut ion on the in te rna l  shee t  provides  max ima l  d isp lacement  of 

During pumping some components  of the le f t  i n t r a -  

The s lope  of the ven t r i cu la r  p r e s s u r e  r ise was  d e c r e a s e d .  

The  le f t  i n t r aven t r i cu la r  end-d ias to l ic  p r e s s u r e  r ema ined  unre la ted  t o  these  changes .  

When 
Pumping during 

A pneumatic  s l eeve  wrapped  

The ex t r a tho rac i c  
In  the work  of 

During the d ias to l ic  ao r t i c  c o m -  

In this  r e g a r d ,  the r e s u l t s  a r e  comparab le  with the i n t r a -  
During d ias to l ic  pumping a volume 

The magnitude of t h i s  
The descending tho rac i c  a o r t a  of the dog is 

The re fo re ,  the co rona ry  inflow was not 

Another fea ture  of this  procedure  should be the possibi l i ty  of prolonged pa r t i a l  o r  

The spec ia l  c losu re  s y s t e m  of the 

It can ope ra t e  continuously o r  in te rmi t ten t ly  without t i m e  
The pneumatic  s leeve  cons i s t s  of . 030" th ickness  radiopaque Si las t ic  r e in fo rced  

* Rolling diaphragm. Bellofram Corporation, Burlington, Massachusetts. 
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blood i n  the  cephalad direct ion and the a o r t a  i s  c o m p r e s s e d  in an te ropos te r io r  direct ion 
( F i g u r e  6 ) .  
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AIR DRIVEN SYSTEM TUBE TYPE PUMP 
FOR INTRACORPOREAL CIRCULATION 

systolic 
Residue 

SYSTOLE 

FIXED 
PLASTIC T 
AIR SUPPL 

AIR CHAMBER 

END TO SIDE 
ANASTOMOSI 

VALVE INLET 
LEFT ATRIUM 

HOUSING OF 
SlLASTlC 
REINFORCED WITH 
DACRON FABRIC 

VALVE OUTLET 

DACRON GRAFT 

Figure 1. The ideal pump for 
intracorporeal circulation should be 
a simple contractile tube with a 
valve at  either end. See explana- 
tion in text. 

Afrium 

DlASTOL E 

Figure 2. Left ventricular bypass with 
tube-type pump #2. The specifications 
in the drawing refer to a pump designed 
for clinical  use. 
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Figure 3 .  Extrathoracic air unit for clinical use. On the left 
an anterior view of the system is shown. On the right a par- 
t ial  posterior view showing the intrathoracic pump connected 
to the external unit can be seen. 

DIASTOLIC WLSATION OF DESCENDING 
THORACIC AORTA 

DIRECTION OF AORTIC COMPRESSION 

EXTERNAL WALL OF 
PNEUMATIC PUMP 

INTERNAL WbLL OF 
PNEUMATIC PUMP 

AORTA 

DIASTOLE SYSTOLE 

Figure 6. 
aorta. See explaination in the text. 

Diastolic compression of descending thoracic 

DIASTOLIC PULSATION OF DESCENDING THORACIC AORTA 

ISO- 1' -COWROC- 

'*W- 60- 
30- FEMORAL ARTERIAL PRESSURE 

0- 
mm. 
M. 

Figure 7. Femoral arterial pressure during diastolic compres- 
sion of descending thoracic aorta. 
see tile diastolic wave originating lrom the pump and the 
end -diastolic pressure decreased. 

Before S: It is possible to 

PARTIAL LEFT VENTRICULAR BYPASS 

, l ~ ~ .  
~ " _  ~~~ '-'"'"1 

Figure 4. Left intraventricular pressure during left ventricular 
bypass without electrocardiographic triggering. See explana - 
tiori in the text. 

I C  

rn 

Figure 5. Femoral arterial pressure and left intraventricular 
pressure during diastolic pumping with an intrathoracic pump. 
P = femoral pressure wave produced by pump during diastole. 
After C ,  the thoracic aorta proximal to the  pump's outlet 
connection was clamped. In this condition only the femoral 
pressure originating from the pump was recorded. 

-* 
* YEIN CIRCUYFLLX COROUIRY FLOW - 

Figure 8. Circumflex coronary artery flow measurement 
with electromagnetic flowmeter (3 mm. probe, gain 1 . 0 )  
during diastolic compression of descending thoracic aorta. 
Circumflex coronary artery flow was 76.7 ml. /inin. before 
pumping and increased to 85. 04 ml. /inin. during pumping. 
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